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© Multilevel metallization for VLSI and method for forming the same. 



.@ An integrated Circuit includes a substrate, a first 
level horizontal conductor formed, on the substrate, 
an interlayer insulator formed to cpver the first level.' 
conductor; a second level horizontal eonductor • 
formed on the interlayer insulator." and a vertical 
conductive pillar extending/ through the interlayer inv 
sulator.' for interconnecting the first level horizontal 



conductor and the second level horizontal conductor. 
The vertical conductive pillar has a Side surface 
coplanar-:With a longitudinal side surface pf the first : 
level horizontal conductor at a position wtiere. the* 
vertical, conductive pillar is in electric contact with 
:the first .ieveJ hon2ontal conductor/.- , . 
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The invention has thus been shown and de- 
scribed with reference to the' specific embodiment. 
However, it should be noted that the present inven- 
tion, is in no way limited to the details of the 
illustrated structures but changes and modifications 
may be made, within the . scope of the appended 
claims. 



Claims 

1. An integrated circuit including a substrate, a 
first level horizontal conductor lornned oh the sub- 

. sti^ate, an interlayer insulator formed to cover the 
first level conductor, a second level horizontal con- 
ductor formed on the interlayer insulator, and a 
vertical conductive pillar extending through the in- 
terlayer insulator for interconnecting the first level 
horizontal conductor and the second level horizon- 
tal conductor, the vertical conductive QiWar having a 
side surface copianar with a- longitudinal side sur^ 
face of the first level horizontal conductor at a. 
position .where the vertical conductive pillar, is in 
electric contact' with- the first level horizontal con- 
ductor. ; ■ 

■ 2, An integrated c'lreuh c)ai'fmed in Claim 1 

• wherein the first level horizontal conductor extends 
in a first direction and has an upper surface and a . 
pair of opposite, longitudinal side surfaces which 
extending in the first direction, and! the second 

.- level horizontal conductor extends in a second di- 
rection orthogonal to the. first direction, the vertical • 
conductive pillar being formed to extend from the 
upper surface of the first level horizontal conductor 

"to a bottom surface of the second level' horizontal 
conductor, the verticai conductive pillar having, a 

" pair of opposite side surfaces in parallel to and 
coDlanar to the corresponding opposite longitudinal " 

.side surfaces of the fii'st level horizontal conductor. 
3- A method of forming an interlayer connec- 

. tion' conductor in an .integrated circuit.- comprising 
the steps of 'depositing a first photoresist layer on 
the conducting layer and patterning the deposited 
first photoresist layer \6 form in the deposited mst 
photoresist layer' a groove for formation of a lower 
level wiring conductor, forrhing within the groove, a 
first level wiring conductor having . a thickness 
smaller than that of the deposited first photoresist 

■layer, forhiing a second photoresist to cover an 
area including the first r level, wiring- conductor, for- 
ming an opening in the second photoresist above 
the lower level wiring conductor at a predetermined 

■position where the. lower lever wiring conductor is 
to be interconnected with- a possible upper level 

'.wiring conductor, so that a portion of the lower 
level wiring conductor ..is exposed through . the 
opening,-, the opening having a size larger than a 
width of the. lower level wiring conductor, and for- 



ming a conductive pillar within the opening, so that 
the conductive pillar is formed in the groove above, 
the lower level wtfing conductor. 

4. A method claimed in claim; 3 wherein a 
. 5 conducting underlayer is formed on a princioal 

surface of the substrate before depositing the first 
• ' .. photoresist layer on - the conducting layer, and 
wherein the first level wiring conductor is formed' 
by means of electroplating using the conducting. 
70 underlayer as an electrode to be plated, and the 
. conductive pillar is fornied by means of an elec- 
troplating using the conducting underlayer as the 
\ electrode to be plated, 

5. A method claimed in Claimi 4 wherein the 
75 conductive pillar is forrhed so that a top of "the 

conductive pillar -is lower than an upper surface 
. level of the first photoresist layer: . - ; 
. :. 6: A niethod claimed in Claim 5' further includ- 
ing the steps of removing the first and second 
. 20 photoresists, forming an insulating layer to cover 
the whole of the substrate but to allow a head 
portion. of the conductive pillar to be exposed from 
. ^the insulating layer. 

7, A nnethod claimed in Claim 6 funher mclud- 
25 : ihg the step of etching back the insulaung layer so- 

• that the a head portion of the conducive "pillar' is 
\ protruded from the insulating layer. . : 

. 8. .A method claimed in Claim 7 further includ- 
■ ihg the steps of forhhing a second conducting un- 
, 30 .'derlayer oh the insulating layer.' deposiung a third 
photoresist layer on the second conduGung under- . 

• )ayer.and patterning the deposited Vvrc pnoioresisi 
. layer to form a second groove for • formation of a 

' *. - second' level wiring coriductdr in the deposited 
35" second photoresist layer, the second groove being 
positioned to cross the first level conductor' in- a 
. .. plan view and to selectiveiy pass d.h tr.e iirsl con- 
■ "■ ductive pillars, forming a second level -.vfring con- 
* ■ ductor within the groove by m»eahs of eiecuopiaimg 
40 using the second conducting under iaysr as ah' 
electrode ..to be plated so that second leyel wiring 
conductor is selectively in electrical contact with 
. the first conductive pillars, the secofTd wiring con- 
ductor having a thickness smaller than lhai of ihe 
• 45 - deposited second:- photoresist layer: iprmihg, a- 
- ; •■ fourth photoresist to cover ah area including the' 
secorid wiring conductor, forming a second open- 
\ . , - ihg in the fourth . photoresist above the second.. 
■ wiring conductor . at a selected position so that a. 
50'" portion of the second wiring conductor s exposed . 
through the second opening, the second opening 
haying a size, larger than a width of ".ne second 
. wiring conductor, and- forniihg. a second conductive- 
. pillar within the opening by means of an eiec- 
' 55 - troplating using, the .second conducung underlayer " 
. as an electrode to. be plated, so that the second 
conductive pillar is fornned in the second groove " 
above the. second- wiring conductor, anrj -removing , 
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ited on a principal surface of the semiconductor 
substrate 20 by 'sputtering. Thereafter, a first 
photoresist 26 is, deposited to cover the whole of 
the principal.' surface of the semiconductor sub-. 
' strate 20 and; to have a thickness of 2.0Lim. and 5 ' 
the deposited first photoresist is patterned by a • 
photolithography to form a plurality of grooves 28 ' 
for a lower level conductor, so that the underlying 
Au thin layer 24 is exposed within the grooves 28. 
'Then, as shown in Figure 5A, a first -^or. lower level- , * to 
conductor 30 of Au" having a thickness of O.Sum is 
. formed within each groove 28, namely . deposited . " 
on the exposed underlying Au thin layer 24 within 
each groove 28, by means of the Au electroplating 
method using the conducting underlayer 24 as an. rs 
electrode. to be plated. This Au' electroplating meth- ■ 
od is described in detail in" the K. Haberle et a! . 
- article referred to hereinbefore, and therefore, a r 
detailed explanation thereof will be omitted. ..' . ■ 

As shown in Figure 5B. a second photoresist. . 20 • 
32 is deposited to cover the whole upper surlace of . 
the semiconductor substrate 20, with the portion of 
each groove 28 above the first or lower level con--- 
ductor 30 being filled with the second photoresist 
32, The deposited second photoresist 32 is pat- 25 
terned by; a photolithography to form a plurality, of 
openings 34, at predetermined positions where a ' • ' 
conductive pillar is to be formed, so that the first or ■ 
lower -level ■ conductor 30 is parjially exposed. As : 
shown in Figure 6. the size of the opening 34 in a 30 
direction perpendicular to a longitudinal direction of 
,the first or lower level conductor 30 is larger than: - 
the width' of the first or lower level conductor 30. " - 
namely, the width of the groove 28: Specifically, at. 
;a lever above' a horizontal boundary betv/een the 35 
first photoresist 26 and the second photoresist 32. .' 
"each opening- 34 has the. size larger than, the width' 
of the Iov;er level conductor 30. On the other hand, ' 
at a tevel below the horizontal boundary between 
the first photoresist. 26. and, the second photoresist 40: 
32, each opening 34 has a size limited by the width 
of the groove 28. namely, the width of the lower . "• ■ .. 
level conductor 30. Accordingly, the relative, posi- 
tioning of the opening 34 to the first or lower. level 
conductor 30" may be at a relatively low degree of- 45 
accuracy, if there is assured that the full width of . . > 
;the lower level conductor- 30 is exposed within the . 
opening 34. In other words, a center .of the.opening 
is not necessarily in precise alignment to a- longitu- 
dinal center axis of the lower level conductor 30.- ' . .." so . 

Here, it should. be noted that, for the pho- ' 
tolithography for the second photoresist 32. it is ^ — ■ 
necessary to select a process which gives no dam- 
age, to . the shape ofv the first photoresist 26. For 
example',, if the first and second photoresists 26 55 
and ,32 js- of a positive type which contains; a - 
Novorak resin . as: a main component, the first 
.photoresist - 26 is . cured- within a plasma atmo- 



sphere, and thereafter, the second photoresist 32 is 

• deposited. With this, the' second, photoresist 32 can 
be -patterned to a desired shape '.vithout giving a 
substantial damage to the shape of the first 
photoresist 26: ' ^ ' y 

After the formation of the openings 34. Au is 
detposited by the Au electrppiating method using 
the conducting underlayer 24 as an electrode to be 
plated, until a first pillar 36 of Au- having a height of 
O.Sum is grown, on the lower level conductor 3Q 
withjn the opening 34. The total height of the fewer 
level conductor 30 and the first pillar 36 is 1.6um. 
" which is smaller thart the thickness of the first 
photoresist 26.'" Therefore, a pair of opposite side- 
surfaces of the first pillar 36 ppsiiioned in a longitu- , 
dinal direction of the lower level conductor 30 are 
coplanar with a pair of corresponding opposite lon- 
gitudinal side surfaces of the lower level conductor 
30. In other words, although the opening 34 having 
the size- larger than the width of the lower level' 
conductor .30 is formed in trie second photoresist 
32, the first pillar 36 is formed in self^alignment 
'with the lower level conductor 30. ' ' ". 

Thereafter, the first and second photoresists 26 
and 32 are removed, and then, the exposed under- 
layer composed of the Au lay.er 24 and TiW layer 
22 is removed by rneans of ion milling, as shown in 
Figure 5C. ' ' • . . 

Then,, as shown ; in Figure 5 D. a < silicone 
/poiyimide (PSl) layer 38 is deposiied as an Inter- 
layer insulator on the. whole surface of the sub- 
strate., and etched back by means of an. entire 
etch-back process until a head portion 36A of the. 
first pillar 36 , is exposed above the- silicone . 
pblyimide layer 38 so that the exposed portion has 
a height of 0,2um. 

Thereafter; as shown in Figure 5E. a required 
number of second or upper level conductors 40' 
and second pillars . 42 of Au protruding from the 
. upper, level conductors 40 are formed in- the same 
•manner as that explained ^above with' reference to 
'Figures 5A to. 5D. The .upper level conductors 40 
are formed in a- direction orthogonal to the lower * 
level conductors 30. and. some of the upper level 
conductors 40' are formed above and in electric 

• contact with selected ones of the exposed heads 
36A .of the first pillars 36. The second pil.lars 42 are 

■ formed in -self' alignment with the upper level con^ 
ductors 40. Therefore, the upper level conductors 
40 ' can be formed with the wiring pitch (line pitch) 

■ of 2F. similarly to the" lower level conductors 30. 

• The process as mentioned aipove can -be re- 
peatedly performed. Therefore, a multilevel metal- 
lization can be realized with a desired number of 
. levels* and with a minimum wiring pitch (line pitch) 
allowed by the photolithography. Accordingly, an 
currently allowed maximum wiring diensity . can be 
obtained. . . ; , ■ . . " -' ' 
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invention are achieved in accordance with the 
present invention by an integrated arcu'd including 
a substrate, a first level horizontal conductor 
formed on the. sutDstrate, an interiayer insulator 
formed to cover the first level conductor, a second 
level horizontal conductor formed on the interiayer 
insulator, and a conductive pillar extending through 
the interiayer insulator for interconnecting the first 
■ level horizontal conductor and the second level 
horizontal conductor, the conductive pillar having a 
pair of opposite side surfaces coplanar with a pair 
of corresponding longitudinal side surfaces of the 
first level honzontal conductor at a position where 
the conductive pillar is in electric contact with the 
first level horizontal conductor. , ' " ■ 

■ According 'to another aspect of the present 
invention, there is provided a method of forming an., 
interiayer connection conductor in an integrated 
circuit, comprising the: steps of depositing a first, 
photoresist layer oh-the conducting Jayer and pat- 
terning the deposited, first photoresist layer to form 
; in the deposited first photoresist layer a groove for 
'formation of a lower level wiring conductor; forming 
-within the groove a first, level • wiring ■ conductor 
' having a thickness smaller than that of the depos-- 
ited first . photoresist" layer, forming a second, 
photoresist to cover ah area including the first level 
wiring conductor, forming an opening in the second 
photoresist above the lower-level wiring conductor 
at a predeternnined position where the lower level 
wiring conductor is ,to be interconnected with a 
possible upper level wiring conductor.: so that a 
portion of the .lower level wiririg conductor is ex- 
posed through the opening, the opening having a 
size larger thari a width of the lower level wiring 
conductor, and foi'ming- a conductive rpillaf within, 
'the opening, so that the conductive; pillar is formed^ 
in the- groove above the lower level wiring conduc- 
tor: • " : ' ■■- . ■ . . ' ' - : . 

As seen from the above, -the interiayer connec-'. 
, tioh structure in accordance with the present ihyen^ ■ 
tidn for an integrated circuit js such that a pair of , 
opposite side surfaces of the conductive pillar verti- 
cally extruding ..from the first level honzontal ' con- 
'ductor are coplanar with a pair* of corresponding 
longitudinal side surfaces of the first level horizon- 
tal conductor, respectively: This means that the 
dimension of the conductive pillar in a width direc-/ 
tioh of the first level horizontal conductor has the 
same as the/width of the'first level horizontal eon- . 
ductor, and accordingly, the mr\ng pitch can' be 
determined by the. width of the first level horizontal 
conductor and therefore- can. be reduced as com- 
pared with the conventional one. 

In addition, in the. rhethod in accordance with 
the present invention for forming the interiayer con- 
nection structure, the lower leyel Wihng (Conductor 
and the . conductive pillar are formed within . the 



groove formed in the deposited first photoresist 
layer This means that, the conductive pillar is 
I fornled in a self-alignment witli .the lower level 
wiring conductor by action of the groove fo'^rDed in 
5 the deposited first photoresist layer. Therefore, the 
wiring pitch can be reduced to a limit determined 
. by a photolithography. In other words, the wiring 

- pitch can become free from a tolerance margin for 
misalignment and a dimensional error of semicon- 

TO. ductor process, which were causes for ihcreasirig 
the wiring pitch in the prior art. 

the above and other objects, features and ad- 
, ■ vantages of the present invention will be apparent 
. frdrh the following description of a preferred em- 
T5 bodirhent of the invention with reference to the 
accompanying drawings. 

Brief Description of the Drawings • 

• 20 [ . 

Figure "1 is. a diagrammatic perspective view 
. • of. one example, of ,the conventionai conductive 
pillar vertically protruding from the lower level con- 
ductor in the multilevel me^^ . • 

.' 25 ' -' . Figure' 2 is a wiring pattern diagram of the. 
' : ■ lower level conductor and the conductive pillar ver- 
. ■ • ticaily protruding therefrom as shown in Figure lT' 
Figure 3 is a diagrammatic .perspective view 
\-. of . another exaniple: of the conventional conductive 
. 30 pillar vertically protruding frorri the -fpwer level con- 
: . . ductor in the multilevel metallization; 

■ ■ Figure -4 is a wiring pattern diagram, of the- 
lower level conductor and the conductive pillar ver- 

■ tically prdti-uding therefrom as shown in Figure 3:" 
35 \ . ■: ' Figure 5 A to 5E are diagrammatic perspec- 
tive views of ah integrated circuit chip ior.illusirat- 

-.. ing drte .embodiment of - the pillar- type interiayer 
' :\ connection construction forming method." in accor- 
. . •* dance with. thie present invention; and 
40 ' Figure, 6 is a wiring • pattern . diagram of -the : 

■ lower level conductor and the conductive pillar ver- 

■ tically protruding therefrom formed, in the/method 
illusti-ated in Figures 5A to 5E- > . 

45 Descriptibn of the Preferred em bodirheht , 

Referring to Figure 5A to 5E. there .are shov/n 
-diagrammatic perspective views of an integrated 
■ .circuit chip .for illustrating one embodiment of the 
.50-. pillar type interiayer connection- construction for- 
/: ■ mihg method in acGbrdahce with the presnt inven- 
: - tion. . . ' ••■ • .. ■-. ' <;. 

- " . v . Firstly, in order to form a conductive "uhdet- 
' :■. V. layer which is . used' for forming necessary wiring 

55 conductors and verticar conductive pillars on a 

■ ■ semiednduGtor substirate 20 by use oi an Au (gold) 
.. electroplating method, a thin layer 22 of TiW and 

.another thin layer 24 of Au ai^e continuously depos- . 
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MULTIUeVEL METALLIZATION FOR VLSI AND METHOD FOR FORMING THE SAME 



Background oi the Invention 

Field pMhe invention 

The present invention relates to a multilevel 
metailization and a method for formihg the: same, 
and more specifically to an improved pillar struc- 
ture for interconnection between tv/o different. levels 
of wiring conductors,-*and a- method for forming the 
improved, pillar connection. ■ * , .- . 

: Description of related art 

. . In the prior art, a vertical Connection between 
two different levels of wiring conductors in a mul- . 
tilevel metallization has been effected by com- " 
pletely charging a. conducting material into a 
through hole or via hole formed in an intertayer ■ 
insulating layer, by vacuum: evaporation or.by sput; 
tering. However, an - advanced integrated circuit 
technology, particularly', an increased integration . 
density of the integrated circuit has made it difficult ■' 
to- reali2e a stable interlayer interconnection by 
means of through holes: In order to overcome this 
problem, it has been proposed to pi'sviously form a 
stud-like connection -member, often - called a 
"pillar", oh a' lower level metallization, so as to" ; 
vertically protrude from the lower level metalliza- 
tion; whereby a good interlayer connection between .. 
the lower level metallization' and an upper level '. , 
.metallization . can be realized- by the conductive . 
pillar vertically protruding from, the lower -level ' 
metallization. . \ .' 

Referring, to Figures 1 and 2, there 'are dia- ^ 
grammatically, shown a typical example of, a con- ■ 
ventional conductive pillar vertically protruding from . 
the lower level metallization. As shov/n in Figure 1. ' 
a plurality of lower lave! conductors 10 are formed - 
on a' semiconductor substrate 12! and a conductive 
pillar 14 is formed on the lower level conductor. 10' 
at a portion 16 v/here a through hole 18 is to be ' 
formed in an interlayer insuiator (not shown) which ' 
is to be formed to cover the lower level conductors 
10 for the purpose of interconnection between the 
lov;er level conductors >10 and an upper level con- 
ductor (not shov/n) to be formed on tiie interlayer ^ 
insulator. As seen from Figure 2, however, in order 
■to previously ensure a tolerance of aiignmenl and , 
to ..compensate for variation of dimensional ■ aGcur . . 
racy:., in the semiconductor process, it ; has, been 
necessary to. widen the 'portion M 6. of the lower • 
level conductor; 12 where the- pillar 14 is iormed.,; 
with the; result that a 'conduetpr pattern -pnciV (hnr; .. 



pitch) must be enlarged. For- e-.^artiple. assuming 
that , a width of each conductor 1.2 is '-F" at a 
portion excluding the pillar formation portion 16 and 
. *'2F" at the pillar formation portion i6. and that a 
5 mtntmum space between each " patr of adjacent' 
• ' conductors is "F". the conductor pattern pitch must' 
be "3F". In other words, it is oisaqvaniageous that 
the wiring density has been decreased. 

Recently, K. Haberle st at proposed in Pro- 
:io ceedings of IEEE V-MIC Conference. i988, ppii7r 
124, that the wiring conductors and the pillars are 
•■• formed of gold metallization so as lo reduce the 
' . wihng pitch; Referring to Figures; 3 and 4. there are , 
• diagrammatically shown a .conductive pillar pro- 
75 ' posed by' K. Haberle et -at. As sho'.vn in Figure 4. a 
• ...through hole 18A is formed to have a size larger 
: than . the width" of the lower level conductor .12. 
formed on the substrate 1 0r and then., as shown in 
; ' Figure 3, a pillar 14A is formed iC • straddle the, 
20 ■ lov/er level conductor 12 by. means of a gold plat- 

■ ing method. .-. .. . .. • " 

. In this method, assuming that the ^v^dth of each- 
^ lower level conductor 12 is "F" and the vvidth of 
• ; .the pillar 14A is "2F'* in a direction perpendicular. 
25 ■ to the longitudinal direction of the lowc^r level con- 
ductor 12, the wiring pitch: (line pitch; can be.made' 
"2.5F", which Is shorter than the example shown in 
Figures 1 and 2. However, due to possible misalign 

■ y nment of mask patterns and due to variations.oi ine 
30. shape of the pillar, there is an danger of shor*- 

. . . circuiting between adjacent conductors or another . 
danger of increasing a wiring capacitance even, if ■ 
the adjacent conductors are not shbri-ciicuited. in. 

■ other words, in order to avoid these dangers, the' 
35 • ' wiring pitch (line' pitch)- cannot be" sufficientiy re-";, 

. . duced..-. . ./ ■ . . \ 

Surnmary of . the. Invention . ; 
. r- '^ : ■ • '■ ' ' . ■ ''\ 

Aecordingly,: it is 'an object of the present in- 
vention to provide an interlayer connection siruc^ 
ture for an integrated circuit, which iias ovcrcpmo 
. . the above mentioned defect' of • the convontignal 
J5'- one. . r ' • / ' : ^ ■ 

Another object of the present invention is "to 
provide an interlayer connection structure of the 
pillar type, which- can reduce -the '.viring *piiclr as - 
compared v;ith the conventional one. 
00 ^ Still another object- of the present tovention :$ 
to provide a method of forming an tnterlayer. con- . 
nection structure o/ the pillar type.'which'.aliows to 
' reduce the wiring pitch as compared //ith the con - 
.f . ventional'methods.. ... 
•' , - The above and other' objects -^of: the fe^eni- 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeeh des brevets 



© Publication number: 



0 394 722 

A2 



EUROPEAN PATENT APPLICATION 



© Application number .90106557.3 

(§) Date of filing: 05.04.90 



int.ci.5 H01L 21/90j H01L 23/532 



(2; Prionty: 05.04.89 JP 87513/89 ... 


Applicant: NEC CORPORATION 


@ Date of publication of application: " ' . • 


7-1, Shiba 5-chbme Minato-ku 


Tokyo 108-01 (JP). - . 


31.10.90 Bulletin 90/44 . V 








©. Designated Cbiitracting States: ■ ' . ' 


c/o NEC Corporation, 7-1, Shiba 5-chome 


. -DEFRGB . 


Minato-ku, fokyo 108-01(JP) 




; Inventor: Okada, Kenji 




:' . c/o NEC Corporation, 7-1, Shiba 5-chome * 




Mihato-kuv Tokyo 108-01 (Ji=') 




Inventor: Shiba, Hiroshi 




c/6 NEC Corporation, 7-1, Shiba 5-chome ^ 




Minato-ku, Tokyo 108-01 (JP 




© Representative:- GlawCi Delfs, Mbll.& Partner - * 




Pateiitanwalte , ; - 




Postfach 26 01 62 Liebherrstrasse 20 ; 




. D-8000 Miihcheh 26(PE) 



@ Multilevel metallization for VLSI and method for forming the same. 



" © An integrated circuit includes a sufc)strate. .a first 
■■\ lever horizontal conductor formed, on . the substrate, 

an interlayer. insulator formed to covei^ the first level. 
. conductor, .a second level horizontal conductor. 

formed on the . interlayer insulator* and a, vertical 

conductive. pillar extending through the iritertayer in- 
' ; : sulator for interconnecting- the first level horizontal 
. . conductor and the seGond level horizontal conductor. 

The vertical conductive . pillar has . a side surface 
CMcoplahar with a longitudinal- side surface of the first 

level horizontal conductoi- at a position where the 
CVj vertical conductive pillar is in electric contact with 
CN the first level horizontal conductor. - " . • 
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